Abstract -Diffusion tensor MRI is emerging as a rapid, nondestructive method to map myocardial fiber organization. A precise biological description of myocardial fiber performance requires knowledge of four variables: length, force, velocity and time. However, study of quantification of myocardial fiber length is lacking. The current study aims to show myocardial fiber length maps of formalin-fixed heats. Diffusion tensor MRI with medium diffusion resolution (15 directions) was performed in one isolated pig heart. Fiber length maps were investigated in multiple short-axis slices. The results provide supplementary information of myocardial fiber organization. To our knowledge, the present study is the first report of the myocardial fiber length mapping.
I INTRODUCTION
Diffusion tensor MRI is a new means to elucidate the microscopic anatomical characteristics of the myocardium. Numerous studies have been reported, most of which focus on fiber orientation [1] [2] [3] [4] [5] . Typically, more axially oriented fibers are found near the epicardium and endocardium and in the papillary muscles. Mid-wall fibers run predominately in the circumferential direction. Results are always validated with traditional histological methods. Similarly, several studies on fiber shortening have been proposed, some of which use MR imaging tagging [6] [7] [8] , and some of which use strain measurements obtained by means of in conjunction with fiber orientations [1, 9] . Results show that principal thickening is predominantly radially oriented throughout the myocardium in cardiac deformation. Whereas fiber shortening is uniform, radial wall thickening increase form base to apex. However, the mechanical performance of the myocardium depends upon factors intrinsic to the contractility and upon the physicochemical conditions surrounding the cells. A precise description of cardiac muscle performance requires knowledge of fiber length [10] . In the present study, the term "myocardial fiber" designates a tissue bundle of interconnected cardiomyocytes embedded in an extracellular matrix. But research in fiber length has been lacking. In this paper, LV myocardium fiber length is investigated in an isolated healthy pig heart using diffusion tensor MRI. The aim is to obtain fiber length distribution and show supplementary information about myocardial fiber structure.
II METHODS

A. MR Imaging
Imaging experiments were conducted on a 3T Philips Achieva MR imager with a quasar gradient (Philips Medical Systems; Best; Netherlands). The formalin-fixed pig heart samples were suspended in a cylinder and placed inside an 8-channel SENSE Head coil. After the determination of the LV long axis, the LV short axis planes were prescribed to cover the whole heart. Diffusion Tensor (DT) imaging was used with spin echo, echo planar imaging (SE-EPI). Imaging parameters were the following: echo time, 45ms; repetition time, 4.0s; field of view, 130 130mm 2 ; slice thickness, 3mm; slice gap, 0mm; diffusion sensitivity of b, 800 s/mm 2 ; gradient direction, 15; and number of averages, 23. Images were acquired with a 128 128 data matrix. These parameters yielded a resolution of 1 3 . A total of 22 short axis images were acquired with total scan time ~30 min. Multiple averaging was employed to maximize the SNR in the image data so to minimize the interference of noise in fiber tracking calculations.
B. Fiber Tracking
The image registration and three-dimensional reconstruction of fiber tracks were obtained by using the PRIDE software package (Philips Medical Systems; Best; Netherlands). One representative slice located in middle ventricle (the 9 th slice, closer to the base, out of total 22 slices) was shown in Fig. 1 . Direct RGB -> XYZ mapping scheme was used for visualization of fractional anisotropy map of LV myocardium, in which the elements oriented along the X axis (left/right) are colored red, along the Y axis (superior/posterior) green, and Z axis (anterior/posterior) blue. Fibers, colored with green, orientated largely in longitudinal (Y axis) are found near the epicardium, endocardium, and in the papillary muscles; whereas in the mid-wall fibers, colored with red or blue, run predominantly in the circumferential (X-Z plane) direction. These results are consistent with those of previous studies [1] [2] [3] [4] [5] .
Termination criteria of fiber tracking should be considered. The most intuitive termination criterion is the extent of anisotropy [11] . Since fractional anisotropy (FA) indicates the fraction of the diffusion, it can be chosen as one of termination criteria. Another important criterion is the angle change between pixels [11] , namely directional threshold. The directional threshold depends on the particular trajectories of tracts of interest and the image resolution. Previous study indicates that that an image with resolution of 1-3 mm is high enough to smoothly reconstruct the curvature of trajectories of major tracts in most tissues and the angles between connected vectors are small [11] , so the termination criteria is dominated by the , thus the effect of directional threshold on tracking is likely small. Fig.2 shows the number of fibers tracked in the slice shown in Fig. 1 verse different directional thresholds for fixed FA. It demonstrates that directional thresholding indeed has little influence on fiber tracking results. Therefore, FA is the most important factor to be concerned in this case.
The effect of varying the FA thresholds on the tracking results is shown in Fig.3 and Fig.4 . The number of fibers decreases with increasing of FA threshold. For relatively high FA, for example FA=0.5, no tracking result was obtained (Fig.3) or myocardium fibers were not continuous (Fig.4 (a) ). If a lower FA threshold used, for example FA=0.15, more marginal regions of the fiber tract were included in the tracking results (Fig.4 (d) ). Similar results are seen in other slices. 
C. Myocardial Fiber Length Mapping
Multiple short axis slices covering the entire left ventricular myocardium were examined. Length of fibers was calculated pixel by pixel on each slice. Such fiber length calculations were also performed with varying FA thresholding values. Note that fibers going between left ventricular and right ventricular myocardium were included in the calculations. For each slice, approximately 80x80 pixel matrix was used to cover the left ventricular region. III 
RESULTS
Eight representative short-axis fiber length maps (slice 7 to 14) are shown in Fig. 5 , together with corresponding FA direction and magnitude maps. FA threshold of 0.15 was used for the fiber tracking and length calculations. Distinct patterns are observed in the fiber length maps, indicating variations of fiber length along both the transmural and radial directions at different slice locations. Myocardial fibers crossing the slices located at middle and upper positions are observed to have relatively long fiber lengths. in computed fiber numbers and lengths as shown in Fig. 4 . However, the pattern of the fiber length map is largely unaltered, as shown in Fig. 7 .
IV DISCUSSION AND CONCLUSION
In summary, the myocardial fiber length mapping was proposed and demonstrated in fixed normal pig heart samples based using MR diffusion tensor imaging. The acquired information is highly complementary to these from the fiber orientation studies previously reported by others, e.g., in visualizing the myocardial fiber bundles and sheets. More quantitative analysis of fiber length maps together with fiber orientations may lead to better understanding of the complex myocardial mechanics during the cardiac contractions. More data analysis is underway.
